J. Space Technol. Appl. 2(1), 1-12 (2022)
https://doi.org/10.52912/jsta.2022.2.1.1

x4t 88
Journal of Space Technology and Applications
pISSN 2765-7469  elSSN 2799-3213

=
==

Check for
updates

Received: January 6, 2022
Revised: January 18, 2022
Accepted: February 3, 2022

TCorresponding author :
Hae-Dong Kim
Tel : +82-42-860-2812
E-mail : haedkim@kari.re.kr

Copyright © 2022 The Korean Space Science
Society. This is an Open Access article
distributed under the terms of the Creative
Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc/4.0)

which permits unrestricted non-commercial use,

distribution, and reproduction in any medium,
provided the original work is properly cited.

ORCID

Ji-Seok Kim
https://orcid.org/0000-0002-9323-3078
Hae-Dong Kim
https://orcid.org/0000-0001-9772-0562

ZAHQIMO| 7| 7ISS I3t S STH WX Ny

Development of Drag Augmentation Device for
Post Mission Disposal of Nanosatellite
Ji-Seok Kim!, Hae-Dong Kim!?"

'University of Science and Technology, Daejeon 34113, Korea

ZKorea Aerospace Research Institute, Daejeon 34133, Korea

29
= EE0ME 2AYRIE = S ZX| 7HLO| ol 7|=oIRH. 212 23 JHZ0[ New Space AlCh

=
of HUSH, 4 27 & ZAHAY U 28 28 S USSH Ml TR FE0| 4F0| RO
= FMOICH 0|2 Qlalf 2= 2HA0 EXlok= SFMY7(Q 27t 7[ohE+HMC2 SO{LED U, TRy
TESP! QISR OfL|2t AR QIBIEE0 2 A= LI Ut 0|5 YK[ol| ¢
off BHNOZ RFMe|7| ZZ hAE MASH! o, tHEXMO= |ADC(Inter-Agency Space Debris
Coordination Committee)OilAl= 25 710|E2101'e HI5HT QICt SIEEEFHAT 0= 2L Z
=22 2R/ 7|2UEE 2ASEYMEO! KARDSAT(KARI Rendezvous & Docking demonstration
SATellite) I2HEES TIHGIFOM, KARDSAT 42| /T & H|7| 7|S(post-mission disposallg

of o= S HX| 7S Soll L2470 thet =HMIA 710|=2101S E4o0l1lAt SIUL.

In this paper, we described the development of a drag augmentation device for nanosatellite. Recently,
space industry has entered the New Space era, and barriers to entry into Low Earth Orbit (LEO) for artificial
objects such as small rockets and nanosatellite mega constellations have been significantly lowered. As a
result, the number of space delbris is increasing exponentially, and it is approaching as a major threat to
satellite currently in operation as well as satellites to be launched in near future. To prevent this, international
organizations like Inter-Agency Space Debris Coordination Committee (IADC) have been proposed space
debris mitigation guidelines. The Korea Aerospace Research Institute (KARI) conducted KARI Rendezvous
& Docking demonstration SATellite (KARDSAT) project, the first nanosatellites for rendezvous and docking
technology demonstration in Korea, and we also developed drag augmentation device for KARDSAT Target

nanosatellite that complied with the international guideline of post-mission disposal.
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Fig. 1. Mission scenario of KARDSAT project.
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Table 1. Simulation result of orbital lifetime for nanosatellite

Parameter Value
Epoch time Dec 1, 2021
Orbit Sun-synchronous Orbit (SSO)
Altitude 700 km
Area 0.03 m?
Mass 4 kg
No Sail 0.15m? 1 m? 2m?
1453y (0 o) 27y (0 o) 27y (O o) 1.5y o)
110.0y (1 o) 226y (1 o) 21y (1 o) 1.2y (1 o)
86.3y (2 0) 14.3y (2 o) 1.7y (@2 o) 364d(2 o)
63.7y (3 o) 124y @3 o) 14y @3 o) B o)
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Table 2. Composition and property of drag augmentation device

Property Name & value
Membrane Type Mylar film
Thickness <25 um
Area >9m?
Boom Type Tape spring
Thickness 0.14 mm

Deployer

Active method by small motor

(Maxon EC-max 16 + Planetary Gearhead GP 16 C)

oW e W e WSS e WS e WS~

of @} 3 kg olWiE oo,
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3.2 = A X M
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Fig. 3. Initial design of deployer.

Fig. 5. Design of deployer with roller.

o] Wk} E919] &5 Wae| 9] WEo® 5%t A= Blossoming @4 Ao
7] Stz wol Wil AR AR = AS AAlsk= glo] BRshH, olF 95 Fig. 6
3} Zo] Compression Spring 7N'd< EUsIAt AZR Woll A Sl= &l BAAA] &
TE AoA 43t g2 7lek= WAjo|th Fig. 73 o] Ujiof Axgo] ZAjste] &9
Aol 47ggt g 71t 4= Ql, Bk nRES H4skolr] Qo 9] EX-E Teflon
AEE H-8otqirt. A9k 22 A4 H4S AA Blossoming B4 sfidstioH, ol
719ro & 7N ]9 HF B4 Fig. 87 o] KARDSAT Target 932 +&2A ol A%
T Q== AABIATHL 1.

ol



J. Space Technol. Appl. 2(1), 1-12 (2022)

E,"I'lldt" rnllr‘rq

central spindle

— cmuplessmn roller
~—— COMPIression Spring

Fig. 8. Assembly of KARDSAT target system with drag device.
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Table 3. Comparison of folding methods between vertical and horizontal

Type Advantage Disadvantage
Vertical - Parallel with boom deployment - Hard to mount (loose characteristic)
method direction and membrane folding line — Risk of falling when deployed

- Easy to fold compared to horizontal

method
Horizontal - Easy to mount compared to vertical - Vertical with Boom deployment
method method direction and membrane folding line
- Prevent falling when deployed — Risk of not fully deployed
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Fig. 10. Deployment test of drag device by passive and active methods.

Fig. 11 Maxon RE1S AL85te] 3 m Alolz2e] utebe: 7 Algat Tgolet. 71 7]
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